The aim of this study was to reveal whether accumulation of the persistent organic pollutants (POPs), especially polychlorinated biphenyl (2,2 0 ,4,4 0 ,5,5 0 -hexachlorobiphenyl, PCB 153), affects plasma levels of adiponectin in obese patients. The study was designed as a longitudinal intervention trial with a control group, where 27 obese women (body mass index (BMI)430 kg/m 2 ; age 21-74 years) were studied before (OB) and after (OB-LCD) a 3-month low-calorie-diet intervention (LCD; 5 MJ daily). As the control group, 9 female volunteers without LCD intervention were used (C; BMI ¼ 19-25 kg/m 2 ; age 21-64 years). Plasma levels of PCB 153 were measured by high-resolution gas chromatography with electron capture detection; total adiponectin and insulin plasma levels were quantified by immunoassays; and adiponectin multimeric complexes were quantified by immunoblotting. Plasma levels of total adiponectin, high and medium molecular weight multimers significantly negatively correlated with plasma levels of PCB 153 in OB, but not in C or in OB-LCD, whereas the LCD intervention lowered BMI by 3.3±3.0 kg/m 2 . Our results may suggest suppression of adiponectin by PCB 153 in obese women under non-energy-restrictive regime, which may contribute to the known association of PCB 153 and other POPs with type 2 diabetes.
Introduction
Epidemiological studies have shown that some of the persistent organic pollutants (POPs), namely 2,2 0 ,4,4 0 ,5,5 0 -hexachlorobiphenyl (PCB 153)Fone of 209 known polychlorinated biphenyl congeners (PCBs)Fand 2,2-bis-(4-chlorophenyl)-1,1-dichloroethene (p,p 0 -DDE), both highly concentrated POPs in humans, determined in plasma, are associated with increased risk of type 2 diabetes.
1,2 PCB 153, used in technical application until the 1970s, is still present in food, as a main source of human exposition with a half life of 27.5 years. 3 Adipose tissue is a storage site for POPs, such as PCBs, polychlorinated pesticides, insecticides, dioxins and dibenzofurans. In essence, POPs show resistance to biological degradation and may exert a large variety of adverse health effects. In adipose tissue, a lot of POPs show endocrinedisrupting potency, may interact for instance with peroxisome proliferator-activated receptor-g or aryl hydrocarbon receptor, and thus modulate metabolism, differentiation and secretory functions of adipose tissue (for review, refer the article by Mullerova and Kopecky 4 ). Adipocytokines play a role in the link between obesity and insulin resistance. 5 In fact, tetrachlorodibenzo-p-dioxin (Agent Orange), one of the POPs, could induce low-grade inflammation of adipose tissue in mice 6 and also downregulation of adiponectin, one of the major secretory products of adipose tissue known to augment the effects of insulin on glucose homeostasis. Adiponectin plasma levels have been shown to be reduced, particularly in obese, 7 insulin-resistant patients 8 and in type 2 diabetics. 9 From three distinct multimeric complexes identified in human plasma, high (HMW), medium (MMW) and low (LMW) molecular weight, only the HMW adiponectin plasma levels are positively associated with insulin sensitivity. 10 To verify a hypothesis that PCB 153 may modify secretory functions of adipose tissue in obese women, plasma levels of PCB 153, adiponectin and other inflammatory markers were measured in a small cohort of obese patients before and after a weight-reducing regimen, which was based on a low-calorie-diet intervention. Lean patients were used as controls. , were recruited as a control group. Formal consent was obtained from all patients involved in the study. Anthropometry (body weight, height and BMI were calculated) and plasma analysis (see below) were performed in all the subjects. Obese patients were studied just before (OB) and after 3 months of LCD intervention (5 MJ daily; OB-LCD). Their diaries were checked on a monthly basis using nutritional software NutriDan 1.2 (DADI Ltd, Plzen, Czech Republic, 2002). Venous blood was collected from fasted (12 h) patients between 0700 and 1000 hours. Plasma samples were divided into 50 ml aliquots and stored at À80 1C for subsequent analysis of total immunoreactive adiponectin and its multimeric forms, C-reactive protein, interleukin-6, glucose, insulin, and PCB 153. The HOMA (homeostasis model assessment) index was calculated using the equation:
Materials and methods
C-reactive protein was determined immunoturbidimetrically using a commercial kit (Kamiya Biomedical Company, Seattle, WA, USA). Automatic clinical analyser Olympus AU 2700 (Olympus, Mishima, Japan) was used. Interleukin-6 was measured using ELISA Quantikine HS Human interleukin-6 (R&D Systems, Inc., Minneapolis, MN, USA). Total adiponectin concentration in plasma was measured using a kit from ALPCO Diagnostics (Salem, NH, USA) and adiponectin multimeric forms were determined by Western blotting.
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Plasma glucose was determined using the glucose-oxidase photometric method (Dialab, Vienna, Austria), plasma insulin was measured using the chemiluminescent microparticle immunoassay on Architect i2000 SR Analyzer (Abbott Laboratories, Abbott Park, IL, USA).
Plasma levels of PCB 153 were determined by highresolution gas chromatography with electron capture detection (HRGC/mECD; Agilent Technologies 6890 Series, Palo Alto, CA, USA), Capillary Column DB-5 (0.25 mm Â 60 m Â 0.25 mm; J&W Scientific, USA 12 ).
Due to abnormal distribution for most of the examined variables non-parametric tests were used: Wilcoxon's test for comparison of obese and control groups and Spearman's test for correlation of variables within one group. Regression analyses of PCB 153 and adiponectin, or its multimeric forms, respectively, was performed. Logarithms of the adiponectin data, having normal distribution, were used for the analysis. The regression model has a form y ¼ exp(rx þ a), where x represents the PCB 153 and y the adiponectin. We also tested mathematical model of dependence of adiponectin (y) on insulin (x) and PCB 153
We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during this research. Approval with the protocol examination was authorized by the Medical School and Teaching Hospital at Plzen Ethical Committee.
Results
The basic data about subjects (OB, OB-LCD, and C) are depicted in Table 1 . From the 27 OB plasma samples, only 22 showed measurable values of PCB 153, while in 5 cases the concentrations were below the quantification limit of the method (that is, o0.02 ng of PCB 153 per g). Spearman's test revealed a negative correlation (Po0.05) between plasma levels of total immunoreactive adiponectin for both (i) measurable levels of PCB 153; and (ii) pooled measurable and immeasurable levels of PCB 153, with the latter substituted by the values corresponding the quantification limit of the method (see above). The negative correlation between total adiponectin levels and both (i) measurable; and (ii) pooled (see above) PCB 153 plasma levels was confirmed by using a regression analysis. In the first case, the parameters of the above described regression model equal r ¼ À2.567, a ¼ 9.2 (Po0.003, R 2 ¼ 0.332, see also Figure 1 ), while in the second case the corresponding parameters were r ¼ À2.590, a ¼ 9.2 (Po0.001, R 2 ¼ 0.335).
The negative correlation between plasma total adiponectin and PCB 153 was not proved in C and disappeared in OB-LCD, while BMI decreased significantly due to LCD (Table 1, Figure 1 ). This finding of the negative correlation between total adiponectin and PCB 153 levels in plasma in OB was further supported by a negative correlation between both high (HMW) and medium molecular weight (MMW) form of adiponectin and PCB 153 (Po0.01, and Po0.05, respectively).
Monofactorial analysis has not revealed any correlation between PCB 153 and either inflammatory markers (C-reactive protein, interleukin-6) in plasma, insulinemia or HOMA (data not shown). However, using mathematical modeling of dependence of adiponectin (y) on insulin 
Discussion
For the first time, a negative correlation between adiponectin and PCB 153 levels in human plasma was described.
This correlation disappeared as a consequence of a LCD regime with weight loss, and it was not apparent either in lean subjects. Our results might indicate suppression of adiponectin by PCB 153 in obese women under non-energyrestrictive regime, which may contribute to the association of this and other POPs with type 2 diabetes, as revealed by epidemiological studies. 1,2 Indeed, in support of this notion, a negative association between POPs and adiponectin was found with tetrachlorodibenzo-p-dioxin 13 or PCB 77, 14 both
POPs having dioxin-like properties while interacting with the aryl hydrocarbon receptor. However, PCB 153 displays little or no binding affinity for aryl hydrocarbon receptor, and PCB 153 is considered to be a partial androgen antagonist. 15 Similar to phenobarbital, PCB 153 interacts with cytochrome P450, the CYP 1A and especially with CYP 2B enzymes. Yoshinari et al. 16 also demonstrated that in white adipose tissue of rats, phenobarbital induced CYP 2B enzymes, and hence the same effect could be expected in human adipose tissue. Interestingly, xenobiotic-mediated increases of CYP 2B in rat hepatocytes is augmented by insulin, 17 and expression of CYP 2B is increased in diabetic patients. 18 Furthermore, n-3 polyunsaturated fatty acids downregulate phenobarbital-induced CYP 2B expression, 19 whereas they upregulate adiponectin and improve glucose homeostasis. 20 Therefore, a hypothesis may be tested whether PCB 153 downregulates adiponectin through induction of CYP 2B, or whether adiponectin and CYP 2B represent two independent targets for PCB 153 in adipose tissue. Further studies should be performed to reveal (1) whether it was the negative energy balance or the new achieved lighter body weight in itself that resulted in the disappearance of negative correlation between adiponectin Figure 1 Negative correlation between plasma levels of total immunoreactive adiponectin and PCB 153 in OB. Abbreviations: BMI, body mass index; CRP, C-reactive protein; HMW, high molecular weight; HOMA, homeostasis model assessment; IL-6, interleukin-6; LMW, low molecular weight; MMW, medium molecular weight; OB, before a 3-month low-calorie-diet intervention; OB-LCD, after a 3-month low-calorie-diet intervention; PCB 153 under QL: number of samples with PCB 153 levels under quantification limit of the method. Data are medians (value of first quartile; third quartile). Statistical analysis was performed using a Wilcoxon's test. Adiponectin multimeric forms were quantified using immunoblotting in a subset of cases (OB, n ¼ 14; C, n ¼ 8; not all samples were left for the analysis). N ¼ P-value above 0.05 threshold limit.
PCB 153 and adiponectin D Mullerova et al and PCB 153; and (2) whether PCB 153 was not only a biomarker of body exposition to some other biological active pollutant, which has not been measured.
In conclusion, we found a negative association between plasma levels of PCB 153 and adiponectin, including its HMW and MMW forms, in obese women in nondietrestrictive regime. The interaction between PCB 153, and possibly also other POPs, and adiponectin may contribute to the relatively high risk of development of type 2 diabetes in humans exposed to environmental pollutants.
